Virions isolated from a spontaneous mammary carcinoma of a rhesus monkey and propagated in human cells possess an RNA-instructed DNA polymerase. They also exhibit DNA polymerase activities that respond to either double-stranded DNA or synthetic RNA DNA hybrid complexes as templates. The virion has been shown to have a density of 1.16 g/ml and to contain a nucleic acid species of high molecular weight (sedimentation coefficient, 60-70 S), which bands as RNA at 1.670 in a Cs2 SO4 equilibrium density gradient. In addition, the virions contain species of low molecular weight (4-6 S) that consist of RNA as well as components banding at densities characteristic of DNA RNA complexes. The nucleoid of this virion has been isolated and shown to have a density of 1.23 g/ml; it also contains a 60-70S nucleic acid species.
The presence of a virus, morphologically similar to that of the known RNA tumor viruses, has been recently reported in a spontaneous mammary tumor of a rhesus monkey (1) (2) (3) (4) .
These particles were initially propagated by cocultivation of the mammary tumor tissue with monkey embryonic cells and they have since been grown in a variety of monkey, chimpanzee, and human cell lines (4, 5) . This virus has recently been designated the Mason-Pfizer monkey virus (M-PMIV) (6) .
We have previously shown (7) that these particles contain an RNA-instructed DNA polymerase. We report here on further characterization of the product synthesized and a demonstration that M-P]MV possesses many of the biochemical and biophysical features common to the oneogenic RNA viruses of other species.
MATERIALS AND METHODS Virus and cells
The virus, isolated from a spontaneous monkey mammary tumor, was propagated in suspension cultures of the cell line NC-37, which was established from normal human leukocytes.
The medium employed was RPMII 1640, with 10% fetal calf serum and potassium penicillin G (50 units/ml) and streptomycin sulfate (50,4g/ml). All virus for polymerase studies was propagated and purified through zonal centrifugation by Mr The RNA-instructed polymerase activity, DNA-instructed l)olyrmerase activity, and the polymerase activity employing synthetic RNA -DNA hybrids as templates were all assayed as previously described (7) (8) (9) glycerol cushion and then layered over a previously formed 25-50% sucrose gradient and recentrifuged at 98,000 X g for 15 hr, after which a peak of radioactivity was observed at 1.165 g/ml. No radioactive material was observed in the 1.23 g/ml region of the gradient at this point. The material banding at 1.16-1.18 g/ml was recentrifuged at 98,000 X g for 20 hr in a previously formed 25-50% sucrose gradient. The [RH]Uridine-labeled nucleic acid was extracted from the 1.23 g/ml peak ( Fig. 1 ) and sized by glycerol gradient sedimentation analysis. Rat embryo fibroblast 18S and 28S RNA species were used as markers. results ( Fig. 1) show a major peak of radioactivity at 1.16 g/ml and a minor peak at 1.23 g/ml. This minor peak, which appears only after repeated centrifugation, most probably represents viral nucleoid, as previously reported for the Rauscher murine leukemia virus (10 the profiles reveals that both contain high (60-70S) and low (4-6S) molecular weight components (Fig. 2) . However, the profile of the M-PMV nucleic acid reveals two additional intermediate peaks.
Nucleic acid was also extracted from the 1.23 g/ml peak of Fig. 1 and sized in a glycerol gradient. Again, as with the whole virion, a high molecular weight species (-64S) is observed, along with the two minor peaks possessing lower sedimentation coefficients (Fig. 3) . It seems, therefore, that the two minor peaks represent internal components of the virion and are not derived from cellular debris contaminating the outer viral envelope.
To characterize further the 60-70S viral nucleic acid, this species was subjected to equilibrium gradient centrifugation in Cs2SO4. As shown in Fig. 4 , the high molecular weight nucleic acid has a density of 1.670 g/ml, characteristic of RNA. The low molecular weight (4-6S) peak of viral nucleic acid was also subjected to Cs2SO4 equilibrium density centrifugation. A major peak at 1.670 g/ml was similarly observed, along with a species of nucleic acid banding at 1.590 g/ml, a density characteristic of RNA DNA hybrid complexes. However, a more detailed examination will be required to define with certainty the chemical nature of this species.
Properties of the DNA polymerase activities Table 1 ), was purified as previously described (7). It was then dissolved in 0.002 M EDTA, mixed with an equal volume of saturated Cs2SO4, and centrifuged at 33,000 rpm in a SW-56 rotor for 60 hr at 20°C. Fractions were collected and processed for acid-precipitable radioactivity as previously described (13) .
proceeds for at least 3 hr and is sensitive to the concentration of nonionic detergent employed in the reaction mixture. The reaction is inhibited by the addition of ribonuclease (24,ug/ml) or the elimination of one of the deoxyriboside triphosphates ( Table 1 ). The rate of the reaction is directly proportional to the amount of purified virus, expressed as viral protein, employed in the reaction mixture (Fig. 6) .
The in the RNA preparation. After quick chilling, 10 ul of 0.4 M NaCl was added, and the mixture was then held at 37°C for 20 hr. After annealing, the mixture was subjected to Cs2SO4 gradient centrifugation as described in the legend to Fig. 7 (13) . nate any RNA. The neutralized product was then subjected to Cs2SO4 equilibrium density gradient centrifugation to characterize it further. As illustrated in Fig. 7 , the density of the synthesized product is 1.450 g/ml, characteristic of that of the DNA products synthesized by the other oncogenic RNA viruses (7) .
To demonstrate that the synthesis of the product was instructed by the viral RNA, we hybridized the purified high molecular weight (60-70S) RNA of the virion to the purified product and subjected the hybrid to Cs2SO4 equilibrium density gradient centrifugation. As is seen in Fig. 8 , the product no longer appears at the density of 1.450 g/ml but is now found in the region of the gradient characteristic of RNA. The shift of product all the way into the RNA density region of the gradient has been observed before (7) in similar hybridization with excess viral RNA. This is probably due to the fact that the product DNA is synthesized in small segments, and the large viral RNA molecule is complexed to the smaller DNA molecules.
Purified virions also possess DNA polymerase activities that respond to both double-stranded DNA and synthetic DNA -RNA hybrids as templates (Fig. 9) . One should note the much greater efficiencies of the synthetic duplexes as templates compared to the endogenous activity mediated by the resident viral RNA (Table 1, Fig. 9 ). Similar properties were observed with M-PMV grown in mixed (monkey embryomonkey mammary tumor) cultures [prepared by R. Nowinski (11) ] or in the human lymphocyte cell line NC-37.
DISCUSSION
M-PMV appears to have all the biophysical and biochemical properties of the oncogenic RNA viruses of chickens, mice, rats, hamsters, and cats. These include a density of 1.16 g/ml, a major 60-70S nucleic acid species, and the presence of three DNA polymerase activities, including the RNA-instructed DNA polymerase. Electron-microscopic observations also confirm the similarities between M-PMV and the other oncogenic RNA viruses (1, 2, 4, 11, 12) .
Whereas the presence of the RNA-instructed DNA polymerase in the virion is not a proof of its oncogenic potential, one cannot ignore the observation that all 27 isolates of oncogenic RNA viruses from numerous species possess this enzyme activity (13) . ples were withdrawn and precipitated with 1 ml of (trichloroacetic acid)-(saturated sodium orthophosphate)-(saturated sodium pyrophosphate) 1:1:1 in the presence of 60 ,ug of E. coli RNA as carrier. After 10 min, the precipitable radioactivity was collected on a nitrocellulose filter and dried. Radioactivity was determined in a liquid scintillation counter (BBOT scintillation fluid).
Several apparently "nononcogenic" viruses have been reported to contain the RNA-instructed DNA polymerase (13) (14) (15) . This includes visna, an agent that causes a "slow" neurological disease in sheep, and another agent that induces a progressive pneumonia in sheep. These findings have led some investigators to question whether the RNA-instructed DNA polymerase is diagnostic of oncogenic potential. It was pointed out, however (13) , that failure to display oncogenicity can hardly be accepted as decisive evidence for its absence, since many difficulties commonly encountered with the RNA oncogenic viruses can obviate the interpretability of a negative outcome. The validity of this caution has been confirmed by the recent demonstration that both visna and the progressive pneumonia agent transform mouse cells in vitro (16) .
It is of obvious interest to determine the relatedness of M-PMV both to the murine mammary tumor virus and to the particles isolated from human milk. The latter particles are similar in size and ultrastructure to both the murine mammary tumor virus and M-PMV (17) and have recently been shown to possess the RNA-dependent DNA polymerase (18) .
